H P H E hypothesis that anaesthetic gases might displace the A oxyhaemoglobin dissociation curve of blood has been put forward by Halton (1948) in discussion of the actions of nitrous oxide. It is difficult to see how such a shift might be caused, but it was decided to put the matter beyond doubt by constructing a series of such curves in which blood was equilibrated with mixtures containing oxygen and carbon dioxide in appropriate proportions diluted with gaseous anaesthetics.
There are only two available mechanisms whereby the dissociation curve of oxyhaemoglobin might be affected by the addition of an anaesthetic. One is by altering the degree of aggregation of haemoglobin molecules. In Hill's equation (Hill, 1910) for the oxyhaemoglobin dissociation curve a value is given to a constant n which is responsible for the inflections of the curve, and which signifies the extent of aggregation of the haemoglobin molecule. Barcroft and his associates (1914) long ago determined the value of n at 1.5 under the normal range of physiological conditions. These workers also showed that at very high partial pressures of carbon dioxide and at the extreme ranges of pH the value of n was raised.
A second and more remote possibility would be the actual denaturation of haemoglobin by anaesthetics such as ether and chloroform. Whilst these substances are highly active as solvents, especially of fat, they are, in the main, chemically inactive. It is, therefore, somewhat unlikely that any specific changes would be brought about by their presence in blood, especially in the usual aiuesthetic concentrations.
Any alteration in the oxygen dissociation curve is of obvious importance in connection with the survival of narcotised tissues. Oxygen passes from the arterial blood to tissue cells by virtue of a difference of oxygen pressure existing between them. The actual amount of oxygen carried by the blood is of secondary importance in this transfer, for any deficiency in this respect can, within certain limits, be offset by an increase in blood supply. For example, it has been established that in chronic anaemia of fairly severe degree, a general speeding up of the whole circulation occurs (Sharpey-Schafer, 1944) ; here arterial blood contains only a fraction of the amount of oxygen carried by normal arterial blood, even though it is fully saturated with oxygen at a partial pressure equivalent to the normal. The removal of even a small quantity of oxygen from such blood may, however, be sufficient to lower the pressure so far that diffusion into the tissues can no longer occur and the cells may suffer from anoxia. An increase in circulatory rate lessens this risk, by not allowing the blood to remain in contact with the tissues for a sufficient length of time to permit the escape of the usual quantity of oxygen from each unit of blood. There is good evidence (Prime and Gray, 1951) that the circulation of the anaesthetized patient may be greatly increased, and it is possible that this increase is related to the diminished utilization of oxygen which is known to accompany the state of anaesthesia. There is no incontrovertible evidence that this diminution in oxygen consumption is due only to a decrease in the oxygen used by the protoplasm. It is conceivable that in addition to any such decrease in metabolic rate being the cause of a diminished rate of absorption of oxygen, there could also be an alteration in the physico-chemical properties of blood or, more properly, haemoglobin, making it more difficult for the oxygen to pass from the blood into the tissues. Such an alteration would be reflected in a modification in the position or character of the oxygen dissociation curve of blood.
METHODS (a) Blood Samples
The blood used in these experiments was taken from the vein of one subject. Oxyhaemoglobin dissociation curves were plotted carefully over a wide range of carbon dioxide tensions and were found to be constant in position when repeated at approximately ten-day intervals over a period of six weeks. (Fig. 1.) 
(b) Equilibration of Blood with Ancesthetic Gases
During these determinations samples of the same blood were equilibrated with six gas mixtures containing varying quantities of oxygen, a suitable tension of carbon dioxide (20, 40 or 90 mm. mercury) and the anaesthetic gas under consideration. In the case of ether, nitrogen saturated with ether vapour was added to the oxygen and carbon dioxide to bring the mixture to atmospheric pressure.
Samples of these gases were taken into tonometers at atmospheric pressure and room temperature. The tonometers were cooled under the cold tap and, while still cool, fresh heparinized blood was introduced into them by immersing the outlet beneath the surface of the blood. The slight negative pressure induced in the tonometers by cool-ing allowed one or two millilitres of blood to be drawn into them without admitting atmospheric air. The tonometers were then placed in a water bath held at 38° G, following the usage adopted by Sendroy, Dillon and van Slyke (1934) , Barcroft (1914) , and Bock, Dill and Henderson (1928) , and rotated for five or six minutes. The gases inside the tonometers were then brought to atmospheric pressure by opening the taps briefly, thus allowing the escape of some of the gaseous contents. Rotation was then resumed for a further ten minutes, at the end of which time the taps were again momentarily opened. Finally, after another five minutes rotation, the tonometers were placed vertically in the water bath to await analysis of the blood and contained gases.
(c) Method of Sampling
The method of sampling was as follows. A dishcloth was held under the hot tap until its temperature was approximately 50° C. It was wrung out and a tonometer removed from the bath, keeping it vertical, and the dishcloth wrapped round it. As quickly as possible a receiver containing paraffin oil was placed below the end of the tonometer where the blood was held. The tap was opened and the increased pressure in the tonometer caused by the slight rise of temperature was sufficient to blow out all the contained blood, which gravitated into a mass below the oil. The cloth was then removed from the tonometer, which was connected to the gas analyser for determination of carbon dioxide and oxygen.
(d) Gas Analysis
In the case of samples containing ether this gas was absorbed first and the carbon dioxide and oxygen determined in that order by the technique described previously Downloaded from https://academic.oup.com/bja/article-abstract/23/3/171/247620 by guest on 30 July 2018 (Prime, 1950) . For cyclopropane the same procedure was followed. In the case of nitrous oxide, however, carbon dioxide was absorbed first and then oxygen. In.all these cases it was not necessary to know the percentage of ansesthetic gases present in the mixtures but only the carbon dioxide and oxygen. All gas analyses were repeated in triplicate.
(e) Determination of Oxygen Capacity and Blood Oxygen
Content In addition to the tonometer samples of blood, a seventh portion was equilibrated with room air in order to determine its oxygen capacity. Figures for percentage saturation were then calculated for the tonometer samples from their oxygen content and that of this seventh sample. The blood oxygen was determined by a modification of Exton's colorimetric method. This consists of calibrating the colorimetric method directly against the manometric one of van Slyke and Neill (1924) in order to reduce a systematic error which exists if Exton's original method is used (Prime, 1951) . With this modification, the colorimetric method was found to be reliable by comparison of results obtained by it with those obtained by the manometric method, and it has been found that the oxygen content of blood can be estimated to within ±0.7 volumes per cent. In the case of etherized samples the blood oxygen was always determined by this method; that of the other samples was determined either by this method or by that of van Slyke, modified by Orcutt and Waters (1937) .
RESULTS
From these analytical results, four sets of three curves were drawn for the control mixture and each of the three anaesthetics used. (Figs. 1, 2, 3 Fia 4 O^-dissociation curves of whole blood equilibrated with oxygen and cyclopropane in the presence of fixed amounts of C0 3 represents the mean of four determinations.* In plotting the curves it is necessary to smooth the data in order to allow for slight alterations in pCOi which occur as a result of the transfer of this gas during equilibration. This correction is made by linear interpolation from the standard curves published by Barcroft (1914) . Alternatively, the correction may be calculated by a formula given by Henderson (1928) ; the use of the formula-is, however, cumbersome and unnecessary. Figure 1 represents the curves for the blood of the subject of these experiments when anaesthetics were not present in the equilibrating gases, and figures 2, 3 and 4 are those obtained when anaesthetics were present. No shift is apparent in the positions of these curves in comparison with the first, though it is fair to point out that minute shifts could occur which it was beyond the accuracy of the methods used to detect. Even the standard curves are open to criticism in this respect. Barcroft allows an error of about 5 per cent of saturation in his own determinations. In his case the blood gases were determined by means of the Barcroft manometer, which is a very delicate method of assay. The colorimetric method used in this investigation has a much greater error, but in no case is the error so great as to be of considerable importance physiologically. It may be concluded, therefore, that anaesthetic gases per se have no appreciable influence on the positions of the oxygen dissociation curve of blood.
* The data for figure 1 are compiled from results of eight separate experiments performed to fix the position of each curve, three for the lower curves and two for the uppermost. In figures 2 to 4 each point is the mean of results obtained by replicate analyses of both blood and gas phases on at least two separate occasions.
